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APPARATUS AND METHOD FOR
MANUFACTURING ENCAPSULATED LIQUID
CRYSTALS AND LIQUID CRYSTAL DISPLAY

INCLUDING THE ENCAPSULATED LIQUID
CRYSTALS

CLAIM OF PRIORITY

This application claims the benefit of Korean Patent Appli-
cation No. 10-2010-0132661, filed on Dec. 22, 2010, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The general inventive concept relates to an apparatus and
method for manufacturing encapsulated liquid crystals and a
liquid crystal display (LCD) including the encapsulated lig-
uid crystals.

2. Description of the Related Art

Liquid crystal display (LCD) devices are being focused on
as flat panel display devices that may resolve problems seen
in cathode ray tube (CRT) display apparatuses due to having
smaller sizes, lighter weights, smaller thicknesses, and lower
power consumption. Generally, an LCD device is a display
device that can change arrangements of liquid crystal mol-
ecules, which have material properties between those of lig-
uids and those of solids, in liquid crystal cells by applying an
external electric field to change optical properties including
double refraction, circumpolarization, and light diffusion
properties of the liquid crystal cells. Recently, for miniatur-
ization of an LCD device, continuous research is being per-
formed on components constituting an LCD device, e.g., a
backlight, a connector, a printed circuit board (PCB), and a
combination structure.

A liquid crystal display (LCD) includes two sheets of sub-
strates having electrodes formed therein and a liquid crystal
layer inserted between the substrates and controls the amount
of light passing therethrough by rearranging the liquid crystal
molecules of the liquid crystal layer by supplying voltage to
the electrodes.

In the case where the liquid crystal layer of the liquid
crystal display (LCD) is formed of a plurality of encapsulated
liquid crystals, a screen distortion phenomenon, occurring
when the liquid crystal display (LCD) is bent or when pres-
sure is applied to a surface of the liquid crystal display (LCD),
can be minimized.

The encapsulated liquid crystals are chiefly manufactured
by stirring liquid crystals and an encapsulation film material
using a stirrer. In this case, it is difficult to uniformly imple-
ment the size of the encapsulated liquid crystals. A liquid
crystal display (LCD) using encapsulated liquid crystals of a
non-uniform size has a different electro-optical characteristic
according to the size of the encapsulated liquid crystals. Since
the size of the encapsulated liquid crystals is non-uniform,
scattering is generated because of a difference in the refrac-
tive index between the liquid crystals and the encapsulation
film forming the encapsulated liquid crystals, thereby dete-
riorating an optical characteristic.

The above information disclosed in this Related Art section
is only for enhancement of understanding of the background
of the described technology and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

The described technology has been made in an effort to
provide an apparatus and method for manufacturing encap-
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sulated liquid crystals and a liquid crystal display (LCD)
including the encapsulated liquid crystals, having an advan-
tage in that the encapsulated liquid crystals of a uniform size
can be manufactured.

An apparatus for manufacturing encapsulated liquid crys-
tals according to an exemplary embodiment may include at
least one first flow duct configured to have liquid crystals flow
therethrough, at least one second flow duct configured to have
encapsulation film materials flow therethrough, a third flow
duct configured to have an inflow portion connected to an
outflow portion of the first flow duct and an outflow portion of
the second flow duct and to have liquid crystal droplets in
which the liquid crystals and the encapsulation film materials
are mixed flow therethrough, and a curing machine config-
ured to manufacture the encapsulated liquid crystals by cur-
ing the liquid crystal droplets.

A liquid crystal droplet generator where the outflow por-
tion of the first flow duct, the outflow portion of the second
flow duct, and the inflow portion of the third flow duct are met
may manufactures the liquid crystal droplets by mixing the
liquid crystals and the encapsulation film materials.

The apparatus may further include a first injector for inject-
ing the liquid crystals into the first flow duct and a second
injector for injecting the encapsulation film materials into the
second flow duct.

The flux and flow rate of the liquid crystals flowing through
the first flow duct may be controlled by adjusting the pressure
of'the first injector, and the flux and flow rate of the encapsu-
lation film materials flowing through the second flow duct
may be controlled by adjusting the pressure of the second
injector.

The encapsulation film materials may include a silica-
based or fluorine-based UV-curable surface active agent or
any one selected from among different kinds of curable sur-
face active agents.

The encapsulation film materials may include any one
selected from among deionized gelatine, polyvinyl alcohol,
and latex.

The diameter of the first flow duct to the third flow duct
may be a micrometer unit.

The second flow duct and the third flow duct may be placed
on the same straight line, and the first flow duct may be
orthogonal to the second flow duct and the third flow duct at
the liquid crystal droplet generator.

The first flow duct and the third flow duct may be placed on
the same straight line, and the second flow duct may be
orthogonal to the first flow duct and the third flow duct at the
liquid crystal droplet generator.

The first flow duct and the third flow duct may be placed on
the same straight line, the second flow duct may be orthogonal
to the first flow duct and the third flow duct at the liquid crystal
droplet generator, and the second flow duct may include a
second upper flow duct and a second lower flow duct which
are met at the liquid crystal droplet generator.

Furthermore, a method of manufacturing encapsulated lig-
uid crystals according to an exemplary embodiment may
include injecting liquid crystals into a first flow duct using a
first injector, injecting encapsulation film materials into a
second flow duct using a second injector, producing liquid
crystal droplets in which the liquid crystals and the encapsu-
lation film materials are mixed at a liquid crystal droplet
generator where an outflow portion of the first flow duct, an
outflow portion of the second flow duct, and an inflow portion
of the third flow duct are met, and manufacturing the encap-
sulated liquid crystals by curing the liquid crystal droplets.
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The encapsulated liquid crystals may be manufactured by
curing the encapsulation film materials of the liquid crystal
droplets flowing through the third flow duct.

The encapsulated liquid crystals may be manufactured by
curing the encapsulation film materials of the liquid crystal
droplets drained from the third flow duct.

The flux and flow rate of the liquid crystals flowing through
the first flow duct may be controlled by adjusting the pressure
of'the first injector, and the flux and flow rate of the encapsu-
lation film materials flowing through the second flow duct
may be controlled by adjusting the pressure of the second
injector.

The encapsulation film materials may include any one
selected from among a silica-based or fluorine-based UV-
curable surface active agent, different kinds of curable sur-
face active agents, deionized gelatine, polyvinyl alcohol, and
latex.

Furthermore, a liquid crystal display (LCD) according to
an exemplary embodiment may include a first substrate, a first
electrode formed on the first substrate, a second substrate
configured to face the first substrate, a second electrode
formed on the second substrate, and a liquid crystal layer
formed between the first electrode and the second electrode
and configured to include a plurality of encapsulated liquid
crystals, including liquid crystals and encapsulation films
each surrounding the liquid crystals. The diameter of the
plurality of encapsulated liquid crystals may have a deviation
of £6.5%.

The encapsulated liquid crystals may include cholesteric
encapsulation liquid crystals, including cholesteric liquid
crystals and cholesteric encapsulation films each surrounding
the cholesteric liquid crystals.

The encapsulated liquid crystals may include left-handed
cholesteric encapsulation liquid crystals, including left-
handed cholesteric liquid crystals and left-handed cholesteric
encapsulation films each surrounding the left-handed choles-
teric liquid crystals, and right-handed cholesteric encapsula-
tion liquid crystals, including right-handed cholesteric liquid
crystals and right-handed cholesteric encapsulation films
each surrounding the right-handed cholesteric liquid crystals.

The left-handed cholesteric encapsulation liquid crystals
may form a left-handed cholestric liquid crystal encapsula-
tion layer, and the right-handed cholesteric encapsulation
liquid crystals may form a right-handed cholestric liquid
crystal encapsulation layer.

The encapsulated liquid crystals may include nematic
encapsulation liquid crystals, including nematic liquid crys-
tals and nematic encapsulation films each surrounding the
nematic liquid crystals.

The encapsulated liquid crystals may be dispersed.

The encapsulated liquid crystals may form at least one
layer.

The liquid crystal display may further include nanopar-
ticles dispersed between the encapsulated liquid crystals, and
the nanoparticles may have a different dielectric constant
from the encapsulation film.

The encapsulated liquid crystals may have a diameter of 10
nm to 100 pum, and the encapsulation film may have a thick-
ness of 1 nm to 10 um.

According to the present invention, encapsulated liquid
crystals of a uniform size can be manufactured by introducing
liquid crystals and an encapsulation film material into the first
flow duct and the second flow duct, respectively, and control-
ling the flux, the flow rate, etc. of the liquid crystals and the
encapsulation film material.

Furthermore, since a liquid crystal layer including the
encapsulated liquid crystals of a uniform size is formed, a
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liquid crystal display (LCD) having a constant electro-optical
characteristic and an excellent optical characteristic can be
manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:

FIG. 1 is a schematic diagram showing an apparatus for
manufacturing encapsulated liquid crystals according to a
first exemplary embodiment;

FIG. 2 is an enlarged view of a portion I in FIG. 1;

FIGS. 3 and 4 are diagrams sequentially illustrating a
method of manufacturing encapsulated liquid crystals using
the apparatus for manufacturing encapsulated liquid crystals
according to the first exemplary embodiment;

FIG. 5 is a schematic diagram showing an apparatus for
manufacturing encapsulated liquid crystals according to a
second exemplary embodiment;

FIG. 6 is a cross-sectional view of a liquid crystal display
(LCD) according to a first exemplary embodiment;

FIG. 7 is a cross-sectional view of a liquid crystal display
(LCD) according to a second exemplary embodiment;

FIG. 8 is a cross-sectional view of a liquid crystal display
(LCD) according to a third exemplary embodiment;

FIG. 9 is a cross-sectional view of a liquid crystal display
(LCD) according to a fourth exemplary embodiment;

FIG. 10 is a cross-sectional view of a liquid crystal display
(LCD) according to a fifth exemplary embodiment; and

FIG. 11 is a cross-sectional view of a liquid crystal display
(LCD) according to a sixth exemplary embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described more fully herein-
after with reference to the accompanying drawings, in which
some exemplary embodiments of the invention are shown. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
The present invention may be implemented in several difter-
ent forms and is not limited to the exemplary embodiments.

In order to clarify a description of the present invention,
parts not related to the description are omitted, and the same
reference numbers are used throughout the drawings to refer
to the same or like parts.

The size and thickness of each element shown in the draw-
ings is arbitrary, for convenience of description, and the
present invention is not limited thereto.

Like reference numerals designate like elements through-
out the specification. It will be understood that when an
element such as a layer, film, region, or substrate is referred to
as being “on” another element, it can be directly on the other
element or intervening elements may also be present. Alter-
natively, when an element is referred to as being “directly on”
another element, there are no intervening elements present.

In order to clarify the present invention, elements extrinsic
to the description are omitted from the details of this descrip-
tion, and like reference numerals refer to like elements
throughout the specification.

In several exemplary embodiments, constituent elements
having the same configuration are representatively described
in a first exemplary embodiment by using the same reference
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numeral and only constituent elements other than the con-
stituent elements described in the first exemplary embodi-
ment will be described in other embodiments.

An apparatus for manufacturing encapsulated liquid crys-
tals according to a first exemplary embodiment is described in
detail below with reference to FIGS. 1 and 2.

FIG. 1 is a schematic diagram showing the apparatus for
manufacturing encapsulated liquid crystals according to the
first exemplary embodiment, and FIG. 2 is an enlarged view
of'a portion I in FIG. 1.

As shown in FIGS. 1 and 2, the apparatus for manufactur-
ing encapsulated liquid 15, crystals according to the first
exemplary embodiment may include a first flow duct 1 con-
figured to have liquid crystals 13 flow therethrough, a second
flow duct 2 configured to have encapsulation film materials
14 flow therethrough, and a third flow duct 3 configured to
have an inflow portion coupled to the outflow portion of the
first flow duct 1 and to the outflow portion of the second flow
duct 2.

The liquid crystals 13 may be cholesteric liquid crystals or
nematic liquid crystals. The encapsulation film materials 14
may be a silica-based or fluorine-based UV-curable surface
active agent or a different kind of a curable surface active
agent. Furthermore, the encapsulation film materials 14 may
be a water-soluble polymer material, such as deionized
gelatine, polyvinyl alcohol, and latex.

The first to third flow ducts 1, 2, and 3 may have a pipe
pattern formed in a frame T made of polydimethylsiloxane
(PDMS), silicon, or glass. The diameter of each of the first to
third flow ducts 1, 2, and 3 may be measured in micrometer(s)
(um).

A firstinjector 5 for injecting the liquid crystals 13 into the
first flow duct 1 may be connected to the inflow portion of the
first flow duct 1, and a second injector 6 for injecting the
encapsulation film materials 14 into the second flow duct 2
may be connected to the inflow portion of the second flow
duct 2. The first injector 5 controls the flux and flow rate of the
liquid crystals 13, flowing through the first flow duct 1, by
controlling the pressure of the liquid crystals 13. The second
injector 6 controls the flux and flow rate of the encapsulation
film materials 14, flowing through the second flow duct 2, by
controlling the pressure of the encapsulation film materials
14.

A liquid crystal droplet generator 4 may be formed at a
portion where the outflow portion of the first flow duct 1, the
outflow portion of the second flow duct 2, and the inflow
portion of the third flow duct 3 meet. The second flow duct 2
and the third flow duct 3 may be placed on the same straight
line. The first flow duct 1 may be orthogonal to the second
flow duct 2 and the third flow duct 3 at the liquid crystal
droplet generator 4, and the locations of the first flow duct 1
and the second flow duct 2 may be exchanged. The liquid
crystal droplet generator 4 produces liquid crystal droplets 10
by mixing the liquid crystals 13 and the encapsulation film
materials 14.

When the liquid crystals 13 and the encapsulation film are
injected into the first flow duct 1 and the second flow duct 2 of
approximately a micrometer in size, the liquid crystals 13 and
the encapsulation film materials 14 are mixed in the liquid
crystal droplet generator 4 where the first flow duct 1 and the
second flow duct 2 are met by means of hydrodynamic insta-
bility, thus producing the liquid crystal droplets 10. The
encapsulation film materials 14 surround the circumferences
of the liquid crystals 13 by means of a self-assembly effect.

Furthermore, a curing machine 8 for curing the liquid
crystal droplets 10 is spaced apart from the first to third flow
ducts 1, 2, and 3. The curing machine 8 radiates ultraviolet

10

40

45

55

6

(UV) onto the liquid crystal droplets 10 to cure the encapsu-
lation film materials 14 of the liquid crystal droplets 10 into
encapsulation films 15, thereby making the liquid crystal
droplets 10 into the encapsulated liquid crystals 30.

In this case, the size of the liquid crystal droplet 10 or the
encapsulated liquid crystal 30 may be controlled by adjusting
surface tension, viscosity, the flux, and the flow rate (or flow
pressure) of the liquid crystals 13 and the encapsulation film
materials 14.

Since the diameter of each of the first to third flow ducts 1,
2, and 3 is in micrometer (um) units, the diameter of the
encapsulated liquid crystal 30 flowing through the third flow
duct 3 may be in micrometer (um) units. For example, the
diameter of the encapsulated liquid crystal 30 may be 10 nm
to 100 um

Furthermore, the plurality of encapsulated liquid crystals
30 manufactured using the apparatus for manufacturing
encapsulated liquid crystals has a uniform size, and the
encapsulated liquid crystals 30 may have a diameter within a
deviation of £6.5%.

In the case where encapsulated liquid crystals are manu-
factured using a conventional apparatus for manufacturing
encapsulated liquid crystals using a stirrer, when the amount
of liquid crystals is 1 ml, the amount of encapsulation film
materials is 100 ml, and the stirrer is rotated at the rate of 500
rpm for one hour, an encapsulated liquid crystal having a
maximum diameter, from among manufactured encapsulated
liquid crystals, is 4.62 pm in diameter, an encapsulated liquid
crystal having a minimum diameter, from among the manu-
factured encapsulated liquid crystals, is 1.68 pm in diameter,
and the manufactured encapsulated liquid crystals have an
average diameter of 2.67 um. Accordingly, the encapsulated
liquid crystals have a large deviation of +50% or higher on the
basis of the diameter of the encapsulated liquid crystal having
the average value. A liquid crystal display (LCD) using the
encapsulated liquid crystals of a non-uniform size has a dif-
ferent electro-optical characteristic according to the size of
the encapsulated liquid crystals. Furthermore, since the size
of'the encapsulated liquid crystals is non-uniform, scattering
is generated owing to a difference in the refractive index
between liquid crystals and an encapsulation film forming the
encapsulated liquid crystals, thereby deteriorating an optical
characteristic.

However, in the case where the encapsulated liquid crystals
30 were manufactured using the apparatus for manufacturing
encapsulated liquid crystals according to the first exemplary
embodiment, when the flow rate of the liquid crystals 13 was
37 wl/min and the flow rate of the encapsulation film materials
14 was 5000 pl/min, an encapsulated liquid crystal having a
maximum diameter, from among the manufactured encapsu-
lated liquid crystals 30, was 56.1 um in diameter, an encap-
sulated liquid crystal having a minimum diameter, from
among the manufactured encapsulated liquid crystals 30, was
49.4 um in diameter, and the manufactured encapsulated lig-
uid crystals 30 had an average diameter of 52.9 um. It can be
seen that the encapsulated liquid crystals 30 have a uniform
diameter within a deviation of £6.5% on the basis of the
average diameter of the encapsulated liquid crystals 30.

As described above, when a liquid crystal display (LCD)
having a liquid crystal layer including the encapsulated liquid
crystals 30 of a uniform size is fabricated, a screen distortion
phenomenon resulting from external pressure, such as brush-
ing or pooling, can be prevented.

A method of manufacturing the encapsulated liquid crys-
tals using the apparatus for manufacturing encapsulated lig-
uid crystals according to the first exemplary embodiment,
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described above with reference to FIGS. 1 and 2, is described
in detail below with reference to FIGS. 2 to 4.

FIGS. 3 and 4 are diagrams sequentially illustrating the
method of manufacturing the encapsulated liquid crystals
using the apparatus for manufacturing encapsulated liquid
crystals according to the first exemplary embodiment.

First, as shown in FIG. 3, the liquid crystals 13 may be
injected into the first flow duct 1 using the first injector 5, and
the encapsulation film materials 14 may be injected into the
second flow duct 2 using the second injector 6. The encapsu-
lation film materials 14 coming in contact with the liquid
crystals 13 in the liquid crystal droplet generator 4 are
adhered to surfaces of the liquid crystals 13.

Next, as shown in FIG. 4, the liquid crystals 13 and the
encapsulation film materials 14 flown into the liquid crystal
droplet generator 4 are mixed together. That is, the encapsu-
lation film materials 14 coming into contact with the liquid
crystals 13 in the liquid crystal droplet generator 4 are
adhered to the surfaces of the liquid crystals 13, thus sur-
rounding the liquid crystals 13. At this time, the liquid crystals
13 are separated from each other in a droplet form by means
of the flow pressure of the encapsulation film materials 14.

Next, as shown in FIG. 2, the encapsulation film materials
14 surround the liquid crystals 13 of a droplet form by means
of a self-assembly effect, thereby forming the liquid crystal
droplets 10.

Next, ultraviolet (UV) is radiated onto the liquid crystal
droplets 10, thus curing the encapsulation film materials 14 of
the liquid crystal droplets 10 into the encapsulation films 15.
Accordingly, the liquid crystal droplets 10 are made into the
encapsulated liquid crystals 30. The encapsulated liquid crys-
tals 30 flow along the third flow duct 3.

Alternatively, after the liquid crystal droplets 10 in which
the encapsulation film materials 14 surround the liquid crys-
tals 13 of a droplet form are drained from the third flow duct
3, ultraviolet (UV) may be radiated to the liquid crystal drop-
lets 10, thus making the liquid crystal droplets 10 into the
encapsulated liquid crystals 30. In this case, the size of the
encapsulated liquid crystals 30 may be controlled by adjust-
ing surface tension, viscosity, the flux, and the flow rate (or
flow pressure) of the liquid crystals 13 and the encapsulation
film materials 14.

A plurality of the encapsulated liquid crystals 30 can be
fabricated by repeating the above manufacturing process, and
the encapsulated liquid crystals 30 of a uniform size can be
fabricated. Each of the encapsulated liquid crystals 30 may
have a diameter within a deviation of 6.5%.

By manufacturing a liquid crystal display (LCD) having a
liquid crystal layer including the encapsulated liquid crystals
30 of a uniform size as described above, a screen distortion
phenomenon resulting from external pressure can be pre-
vented.

In the first exemplary embodiment, the second flow duct 2
through which the encapsulation film materials 14 flow and
the third flow duct 3 through which the encapsulated liquid
crystals 30 flow are illustrated to be placed on the same
straight line, and the first flow duct 1 through which the liquid
crystals 13 flow is illustrated to be orthogonal to the second
flow duct 2 and the third flow duct 3 in the liquid crystal
droplet generator 4. However, the first to third flow ducts 1, 2,
and 3 may be disposed in various positions in order to opti-
mize the size and manufacturing conditions of the encapsu-
lated liquid crystals 30.

Hereinafter, an apparatus for manufacturing encapsulated
liquid crystals according to a second exemplary embodiment
is described in detail with reference to FIG. 5.
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FIG. 5 is a schematic diagram showing the apparatus for
manufacturing encapsulated liquid crystals according to the
second exemplary embodiment.

The second exemplary embodiment is substantially
equivalent to the first exemplary embodiment of FIGS. 1 and
2 except only the locations where a first flow duct to a third
flow duct are disposed, and a description of overlapping por-
tions is omitted for simplicity.

As shown in FIG. 5, the apparatus for manufacturing
encapsulated liquid crystals according to the second exem-
plary embodiment includes a first flow duct 1 configured to
have liquid crystals 13 flow therethrough, a second flow duct
2 configured to have encapsulation film materials 14 flow
therethrough, and a third flow duct 3 configured to have an
inflow portion connected to the outflow portion of the first
flow duct 1 and the outflow portion of the second flow duct 2.
The first flow duct 1 and the third flow duct 3 are placed on the
same straight line. The second flow duct 2 includes a second
upper flow duct 21 and a second lower flow duct 22 which are
met at a liquid crystal droplet generator 4. The second upper
flow duct 21 and the second lower flow duct 22 are orthogonal
to the first flow duct 1 and the third flow duct 3 at the liquid
crystal droplet generator 4.

A first injector 5 for injecting the liquid crystals 13 into the
first flow duct 1 is connected to the inflow portion of the first
flow duct 1. A second upper injector 61 for injecting the
encapsulation film materials 14 into the second upper flow
duct 21 is connected to the inflow portion of the second upper
flow duct 21. A second lower injector 62 for injecting the
encapsulation film materials 14 into the second lower flow
duct 22 may be connected to the inflow portion of the second
lower flow duct 22.

The liquid crystals 13 flowing through the first flow duct 1
are mixed with the encapsulation film materials 14, flowing
through the second upper flow duct 21 and the second lower
flow duct 22, in the liquid crystal droplet generator 4. At this
time, the liquid crystals 13 are separated from each other in a
droplet form by means of the flow pressure of the encapsula-
tion film materials 14 flowing from the upper and lower sides
to the liquid crystal droplet generator 4. Next, the encapsula-
tion film materials 14 surround the liquid crystals 13 of a
droplet form by means of a self-assembly effect, thereby
forming liquid crystal droplets 10. A curing machine 8 radi-
ates ultraviolet (UV) to the liquid crystal droplets 10, thus
curing the encapsulation film materials 14 of the liquid crystal
droplets 10 into encapsulation films 15. Accordingly, the
liquid crystal droplets 10 are made into the encapsulated
liquid crystals 30. The encapsulated liquid crystals 30 flow
along the third flow duct 3.

Alternatively, after the liquid crystal droplets 10 in which
the encapsulation film materials 14 surround the liquid crys-
tals 13 of a droplet form are drained from the third flow duct
3, the curing machine 8 may radiate ultraviolet (UV) to the
liquid crystal droplets 10, thereby making the liquid crystal
droplets 10 into the encapsulated liquid crystals 30.

A plurality of the encapsulated liquid crystals of a uniform
size can be fabricated by repeating the above manufacturing
process.

A liquid crystal display (LCD) including the encapsulated
liquid crystals fabricated using the apparatus and method for
manufacturing encapsulated liquid crystals according to the
first and second exemplary embodiments is described in
detail below with reference to FIG. 6.

FIG. 6 is a cross-sectional view of a liquid crystal display
(LCD) according to a first exemplary embodiment.

As shown in FIG. 6, the liquid crystal display (LCD)
according to the first exemplary embodiment includes a first
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substrate 110 and a second substrate 210 configured to face
each other and a cholesteric liquid crystal layer 310 disposed
between the two substrates 110 and 210. A first electrode 190
may be formed on the first substrate 110 and a second elec-
trode 270 may be formed on the second substrate 210, so that
an electric field can be formed between the first electrode 190
and the second electrode 270. Spacers may be disposed
between the first substrate 110 and the second substrate 210 in
order to control the thickness of the cholesteric liquid crystal
layer 310.

The first substrate 110 and the second substrate 210 may be
formed of insulation substrates, such as transparent glass or
plastic.

A plurality of cholesteric encapsulation liquid crystals 31
having a uniform size is dispersed in the cholesteric liquid
crystal layer 310. Each of the cholesteric encapsulation liquid
crystals 31 includes cholesteric liquid crystals 315 placed
within each of cholesteric encapsulation films 31a. The cho-
lesteric liquid crystal 315 may have a helical pitch which
reflects a visible ray having a wavelength of 380 nm to 770
nm. The cholesteric encapsulation film 31a may have a thick-
ness of 1 nm to 10 um. If the thickness of the cholesteric
encapsulation film 31a is too small, the cholesteric encapsu-
lation liquid crystals 31 are likely to be broken. If the thick-
ness of the cholesteric encapsulation film 31a is too great,
elastic force of the cholesteric encapsulation liquid crystals
31 is deteriorated and thus a screen distortion phenomenon
may occur when external pressure is generated. The thickness
of'the cholesteric encapsulation film 31a may vary according
to the physical properties of a material of the cholesteric
encapsulation film 31a.

The size of the plurality of cholesteric encapsulation liquid
crystals 31 may range from 10 nm to 100 pm. The cholesteric
encapsulation liquid crystals 31 are uniform and each may
have a diameter within a deviation of 6.5%.

The cholesteric liquid crystal layer 310 has two stable
states of a planar state and a focal conic state and can maintain
the two stable states although external voltage is not supplied.
In the planar state, the cholesteric liquid crystals 315 have a
helical structure and reflect light of a specific wavelength
along the helical pitch. In the focal conic state, the cholesteric
liquid crystals 315 have their helical axes arranged in a hori-
zontal direction to the first electrode 190 and the second
electrode 270 and transmit light.

Since the cholesteric liquid crystal layer 310 including the
cholesteric encapsulation liquid crystals 31 is formed as
described above, a color shift according to the viewing angle
can be minimized and a screen distortion phenomenon,
occurring when a liquid crystal display (LCD) is bent or when
pressure is applied to the surface of a liquid crystal display
(LCD), can be minimized. Accordingly, the bistability of the
cholesteric liquid crystal layer 310 can be maintained.

Furthermore, since the cholesteric liquid crystal layer 310
including the cholesteric encapsulation liquid crystals 31 of a
uniform size is formed, a screen distortion phenomenon
resulting from external pressure can be prevented. Accord-
ingly, a liquid crystal display (LCD) having a constant elec-
tro-optical characteristic and an excellent optical character-
istic can be fabricated.

The first electrode 190 and the second electrode 270 are
illustrated to be formed in order to apply a vertical electric
field. However, both the first electrode 190 and the second
electrode 270 may be formed over the first substrate 110 in
order to apply a horizontal electric field, or three or more
electrodes may be formed in order to apply both the vertical
electric field and the horizontal electric field.
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Furthermore, red reflection cholesteric liquid crystals,
green reflection cholesteric liquid crystals, and blue reflection
cholesteric liquid crystals for reflecting a red light, a green
light, and a blue light, respectively, may be formed of the
cholesteric encapsulation liquid crystals 31 having a uniform
size. In this case, color can be implemented while a screen
distortion phenomenon resulting from external pressure is
prevented.

Meanwhile, the cholesteric encapsulation liquid crystals
31 of the cholesteric liquid crystal layer 310 may be left-
handedness or right-handedness. However, the cholesteric
liquid crystal layer 310 in which left-handed cholesteric
encapsulation liquid crystals and right-handed cholesteric
encapsulation liquid crystals 312 are mixed is possible.

Hereinafter, a liquid crystal display (LCD) according to a
second exemplary embodiment is described with reference to
FIG. 7.

FIG. 7 is a cross-sectional view of the liquid crystal display
(LCD) according to the second exemplary embodiment.

The second exemplary embodiment is substantially
equivalent to the first exemplary embodiment of FIG. 6 except
that the cholesteric liquid crystal layer 310 includes both
left-handed cholesteric encapsulation liquid crystals and
right-handed cholesteric encapsulation liquid crystals, and a
description of overlapping portions is omitted for simplicity.

As shown in FIG. 7, a plurality of left-handed cholesteric
encapsulation liquid crystals 311 and a plurality of right-
handed cholesteric encapsulation liquid crystals 312 of a
uniform size are dispersed in a cholesteric liquid crystal layer
310. The left-handed cholesteric encapsulation liquid crystals
311 and the right-handed cholesteric encapsulation liquid
crystals 312 have a uniform size and each may have a diam-
eter within a deviation of £6.5%. Accordingly, a liquid crystal
display (LCD) having a constant electro-optical characteris-
tic and an excellent optical characteristic can be fabricated
because a screen distortion phenomenon resulting from exter-
nal pressure can be prevented.

The left-handed cholesteric encapsulation liquid crystals
311 include left-handed cholesteric liquid crystals 3115
within each of left-handed cholesteric encapsulation films
311a. Each of the right-handed cholesteric encapsulation lig-
uid crystals 312 includes right-handed cholesteric liquid crys-
tals 31256 within each of right-handed cholesteric encapsula-
tion film 312a. The left-handed cholesteric liquid crystals
3115 reflect a left-handed circular polarized light I, and the
right-handed cholesteric liquid crystals 3125 reflects a right-
handed circular polarized light R.

In the liquid crystal display (LCD) of the first exemplary
embodiment, only one of the left-handed cholesteric encap-
sulation liquid crystals 311 and the right-handed cholesteric
encapsulation liquid crystals 312 are included in the choles-
teric liquid crystal layer 310. Accordingly, the reflectivity of
the cholesteric liquid crystal layer 310 may not exceed a
maximum of 50%. In the liquid crystal display (LCD) accord-
ing to the second exemplary embodiment, however, the left-
handed cholesteric encapsulation liquid crystals 311 and the
right-handed cholesteric encapsulation liquid crystals 312 are
mixed in the cholesteric liquid crystal layer 310 and thus the
reflectivity of the cholesteric liquid crystal layer 310 may be
maximized.

Meanwhile, in the second exemplary embodiment, the left-
handed cholesteric encapsulation liquid crystals 311 and the
right-handed cholesteric encapsulation liquid crystals 312 are
randomly mixed to form the cholesteric liquid crystal layer
310. However, the left-handed cholesteric encapsulation lig-
uid crystals 311 and the right-handed cholesteric encapsula-
tion liquid crystals 312 may instead have a layered structure.



US 9,146,415 B2

11

Hereinafter, a liquid crystal display (LCD) according to a
third exemplary embodiment is described in detail with ref-
erence to FIG. 8.

FIG. 8 is a cross-sectional view of the liquid crystal display
(LCD) according to the third exemplary embodiment.

The third exemplary embodiment is substantially equiva-
lent to the second exemplary embodiment of FIG. 7 except
that the left-handed cholesteric encapsulation liquid crystals
311 and the right-handed cholesteric encapsulation liquid
crystals 312 of a cholesteric liquid crystal layer 310 have a
layered structure, and a description of overlapping portions is
omitted for simplicity.

As shown in FIG. 8, the cholesteric liquid crystal layer 310
includes a left-handed cholesteric liquid crystal encapsula-
tion layer 313 and a right-handed cholestric liquid crystal
encapsulation layer 314 formed on the left-handed cholestric
liquid crystal encapsulation layer 313.

The left-handed cholestric liquid crystal encapsulation
layer 313 includes a plurality of left-handed cholesteric
encapsulation liquid crystals 311 having a uniform size. The
right-handed cholestric liquid crystal encapsulation layer 314
includes a plurality of right-handed cholesteric encapsulation
liquid crystals 312 having a uniform size. The left-handed
cholesteric encapsulation liquid crystals 311 and the right-
handed cholesteric encapsulation liquid crystals 312 have a
uniform size and each may have a diameter within a deviation
of £6.5%. Accordingly, since a screen distortion phenomenon
resulting from external pressure can be prevented, a liquid
crystal display (LCD) having a constant electro-optical char-
acteristic and an excellent optical characteristic can be fabri-
cated.

Furthermore, since the cholesteric liquid crystal layer 310
is formed of the left-handed cholestric liquid crystal encap-
sulation layer 313 for reflecting a left-handed circular polar-
ized light [ and the right-handed cholestric liquid crystal
encapsulation layer 314 for reflecting a right-handed circular
polarized light R, both the left-handed circular polarized light
L and the right-handed circular polarized light R can be
reflected. Accordingly, the reflectivity of the cholesteric lig-
uid crystal layer 310 may be maximized.

Meanwhile, the liquid crystal display (LCD) of the first
exemplary embodiment is illustrated to include the choles-
teric liquid crystal layer 310 including the cholesteric encap-
sulation liquid crystals, but may include a nematic liquid
crystal layer including nematic encapsulation liquid crystals.

Hereinafter, a liquid crystal display (LCD) according to a
fourth exemplary embodiment is described in detail with
reference to FIG. 9.

FIG. 9 is a cross-sectional view of the liquid crystal display
(LCD) according to the fourth exemplary embodiment.

The fourth exemplary embodiment is substantially equiva-
lent to the first exemplary embodiment of FIG. 6 except that
a nematic liquid crystal layer is formed, and a description of
overlapping portions is omitted for simplicity.

As shown in FIG. 9, the liquid crystal display (LCD)
according to the fourth exemplary embodiment includes a
first substrate 110 and a second substrate 210 configured to
face each other and a nematic liquid crystal layer 320 dis-
posed between the two substrates 110 and 210. A first elec-
trode 190 may be formed on the first substrate 110, and a
second electrode 270 may be formed on the second substrate
210. Thus, an electric field can be formed between the first
electrode 190 and the second electrode 270. A first polarizing
plate 111 and a second polarizing plate 211 are formed under
the first substrate 110 and over the second substrate 210,
respectively. The transmission axes of the first polarizing
plate 111 and the second polarizing plate 211 may be vertical
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to each other or may have a specific angle. A phase delay film
may be further formed in the first polarizing plate 111 and the
second polarizing plate 211 in order to improve the viewing
angle.

A plurality of nematic encapsulation liquid crystals 32
having a uniform size is dispersed in the nematic liquid crys-
tal layer 320. The nematic encapsulation liquid crystals 32
include nematic liquid crystals 326 within each of nematic
encapsulation films 32a. The size of the nematic encapsula-
tion liquid crystals 32 may have a deviation of +6.5% in
diameter. Accordingly, a liquid crystal display (LCD) having
a constant electro-optical characteristic and an excellent opti-
cal characteristic can be fabricated because a screen distor-
tion phenomenon resulting from external pressure is pre-
vented.

The nematic liquid crystals 326 may include twisted nem-
atic (TN) liquid crystals, horizontally arranged nematic liquid
crystals, axis-symmetrically arranged nematic liquid crys-
tals, etc. and may be positive dielectric constant anisotropic
liquid crystals or negative dielectric constant anisotropic lig-
uid crystals. TN liquid crystals are shown in FIG. 9.

In the above, the first electrode 190 and the second elec-
trode 270 are illustrated to be formed in order to supply a
vertical electric field. However, both the first electrode 190
and the second electrode 270 may be formed over the first
substrate in order to supply a horizontal electric field, or three
or more electrodes may be formed in order to supply both the
vertical electric field and the horizontal electric field.

Furthermore, an opening pattern for forming multiple
domains may be formed in the first electrode or the second
electrode in order to minimize a color shift according to the
viewing angle.

Meanwhile, a rise of a driving voltage resulting from the
encapsulation film can be minimized by adding nanoparticles
to the nematic liquid crystal layer of the liquid crystal display
(LCD) according to the fourth exemplary embodiment.

Hereinafter, a liquid crystal display (LCD) according to a
fifth exemplary embodiment is described in detail with refer-
ence to FI1G. 10.

FIG. 10 is a cross-sectional view of the liquid crystal dis-
play (LCD) according to the fifth exemplary embodiment.

The fifth exemplary embodiment is substantially equiva-
lent to the fourth exemplary embodiment of FIG. 9 except that
nanoparticles are added to a nematic liquid crystal layer, and
a description of overlapping portions is omitted for simplic-
ity.

As shown in FIG. 9, the liquid crystal display (LCD)
according to the fourth exemplary embodiment includes a
first substrate 110 and a second substrate 210 configured to
face each other and a nematic liquid crystal layer 320 dis-
posed between the two substrates 110 and 210.

A plurality of nematic encapsulation liquid crystals 32
having a uniform size is dispersed in the nematic liquid crys-
tal layer 320. A plurality of nanoparticles 40 is dispersed
between the nematic encapsulation liquid crystals 32.

The diameter of each of the nanoparticles 40 may be 10 nm
to 1 um, and the nanoparticles 40 may be any one selected
from among gold, silver, carbon nanotube, and ferroelectric
materials.

The nematic encapsulation liquid crystals 32 include nem-
atic liquid crystals 3256 within each of encapsulation films
32a. Horizontally oriented nematic liquid crystals are shown
in FIG. 10. The plurality of nematic encapsulation liquid
crystals 32 has a uniform size and each may have a diameter
within a deviation of +6.5%. Accordingly, a liquid crystal
display (LCD) having a constant electro-optical characteris-
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tic and an excellent optical characteristic can be fabricated
because a screen distortion phenomenon resulting from exter-
nal pressure is prevented.

Since the nanoparticles 40 are dispersed in the nematic
liquid crystal layer 320, the dielectric constant of the nematic
encapsulation film 324 can rise. An equation relating to the
dielectric constant of a mixture of the nematic encapsulation
film 32a and the nanoparticles 40 is written in Equation 1.

€,,=exp(B, log €E+B, log €,) (Equation 1)

wherein €,, is the dielectric constant of the mixture of the
nematic encapsulation film 32a and the nanoparticles 40, &,
is the dielectric constant of the encapsulation film 324, €, is
the dielectric constant of the nanoparticles 40, B, is the vol-
ume of the nematic encapsulation film 32a, and B, is the
volume of the nanoparticles 40.

As shown in Equation 1, since the nanoparticles 40 having
a specific volume and a specific dielectric constant are added
to the nematic liquid crystal layer 320, the dielectric constant
€,, of the mixture of the nematic encapsulation film 32a¢ and
the nanoparticles 40 can be raised.

Accordingly, the nematic encapsulation films 32a may
function to prevent the generation of a voltage drop and thus
prevent a driving voltage from rising. Furthermore, in the
liquid crystal display (LCD) according to the fifth exemplary
embodiment, the nanoparticles 40 are illustrated to be dis-
persed in the nematic liquid crystal layer 320. However, the
nanoparticles 40 may instead be dispersed in the cholesteric
liquid crystal layer 310 of the previous embodiments.

Meanwhile, in the liquid crystal display (LCD) according
to the fifth exemplary embodiment, the nematic encapsula-
tion liquid crystals 32 and the nanoparticles 40 are illustrated
to be separated from each other and dispersed in the nematic
liquid crystal layer 320. However, in the case where the plu-
rality of nematic encapsulation liquid crystals 32 are formed
of a single layer, the nanoparticles 40 may come in contact
with the nematic liquid crystal layer 320.

Hereinafter, a liquid crystal display (LCD) according to a
sixth exemplary embodiment is described in detail with ref-
erence to FIG. 11.

FIG. 11 is a cross-sectional view of the liquid crystal dis-
play (LCD) according to the sixth exemplary embodiment.

The sixth exemplary embodiment is substantially equiva-
lent to the fifth exemplary embodiment of FIG. 10 except that
the plurality of nematic encapsulation liquid crystals is
formed of a single layer and the nanoparticles 40 come in
contact with the nematic liquid crystal layer, and a description
of overlapping portions is omitted for simplicity.

As shown in FIG. 11, the liquid crystal display (LCD)
according to the sixth exemplary embodiment may include a
first substrate 110 and a second substrate 210 configured to
face each other and a nematic liquid crystal layer 320 dis-
posed between the two substrates 110 and 210.

A plurality of nematic encapsulation liquid crystals 32
having a uniform size comes in contact with each other in the
nematic liquid crystal layer 320. A plurality of nanoparticles
40 adhere between the nematic encapsulation liquid crystals
32.

The nematic encapsulation liquid crystals 32 include nem-
atic liquid crystals 326 within each of nematic encapsulation
films 32a. TN liquid crystals are shown in FIG. 11. The
plurality of nematic encapsulation liquid crystals 32 has a
uniform size and each may have a diameter within a deviation
0ot +£6.5%. Accordingly, a liquid crystal display (LCD) having
a constant electro-optical characteristic and an excellent opti-
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cal characteristic can be fabricated because a screen distor-
tion phenomenon resulting from external pressure is pre-
vented.

Furthermore, since the nanoparticles 40 having a specific
volume and a specific dielectric constant are added to the
nematic liquid crystal layer 320, the dielectric constant €,, of
the mixture of the nematic encapsulation film 32« and the
nanoparticles 40 can be raised. Accordingly, the nematic
encapsulation films 32a may function to prevent the genera-
tion of a voltage drop and thus prevent a driving voltage from
rising.

While this disclosure has been described in connection
with what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate;

a first electrode formed on the first substrate;

a second substrate configured to face the first substrate;

a second electrode formed on the second substrate; and

aliquid crystal layer formed between the first electrode and

the second electrode and configured to include a plural-
ity of encapsulated liquid crystals, including liquid crys-
tals and encapsulation films each surrounding the liquid
crystals,

wherein a diameter of each of the plurality of encapsulated

liquid crystals has a deviation of +6.5% from an average
diameter of the plurality of encapsulated liquid crystals,
and wherein the encapsulation films are comprised of a
different material than the liquid crystals,

the liquid crystals are inserted into a first flow duct using a

first injector;

encapsulation film materials are injected into a second flow

duct using a second injector;

liquid crystal droplets being produced upon the liquid crys-

tals and the encapsulation film materials being mixed at
a liquid crystal droplet generator where an outflow por-
tion of the first flow duct, an outflow portion of the
second flow duct, and an inflow portion of a third flow
duct are met; and

the encapsulated liquid crystals each surrounded by cured

encapsulation film materials that surround the liquid
crystals of each of the liquid crystal droplets.

2. The liquid crystal display device of claim 1, wherein the
encapsulated liquid crystals comprise cholesteric liquid crys-
tals and encapsulation films each surrounding the cholesteric
liquid crystals.

3. The liquid crystal display device of claim 2, wherein the
liquid crystal layer includes only one of left-handed choles-
teric encapsulated liquid crystals and right-handed choles-
teric encapsulated liquid crystals.

4. The liquid crystal display device of claim 3, wherein the
encapsulation film is comprised of a material selected from a
group consisting of a silica-based or fluorine-based UV-cur-
able surface active agent, different kinds of curable surface
active agents, deionized gelatine, polyvinyl alcohol, and
latex.

5. The liquid crystal display device of claim 2, wherein the
cholesteric encapsulation film has a thickness of 1 nm to 10
microns, and a diameter of the cholesteric encapsulated liquid
crystals may range from 10 nm to 100 microns.

6. The liquid crystal display device of claim 1, wherein the
encapsulated liquid crystals comprise:
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left-handed cholesteric encapsulated liquid crystals,
including left-handed cholesteric liquid crystals and
left-handed cholesteric encapsulation films each sur-
rounding the left-handed cholesteric liquid crystals; and

right-handed cholesteric encapsulated liquid crystals,
including right-handed cholesteric liquid crystals and
right-handed cholesteric encapsulation films each sur-
rounding the right-handed cholesteric liquid crystals.

7. The liquid crystal display device of claim 6, wherein the
left-handed cholesteric encapsulated liquid crystals form a
left-handed cholestric liquid crystal encapsulation layer, and

the right-handed cholesteric encapsulated liquid crystals

form a right-handed cholestric liquid crystal encapsula-
tion layer.

8. The liquid crystal display device of claim 6, wherein the
liquid crystal layer is composed of a single layer that includes
dispersions of both the left-handed cholesteric encapsulated
liquid crystals and the right-handed cholesteric encapsulated
liquid crystals.

9. The liquid crystal display device of claim 1, wherein the
encapsulated liquid crystals comprise nematic encapsulated
liquid crystals, including nematic liquid crystals and nematic
encapsulation films each surrounding the nematic liquid crys-
tals.

10. The liquid crystal display device of claim 1, wherein
the encapsulated liquid crystals are evenly dispersed.

11. The liquid crystal display device of claim 1, wherein
the encapsulated liquid crystals form at least one layer.

12. The liquid crystal display device of claim 1, further
comprises nanoparticles dispersed between the encapsulated
liquid crystals, each of the nanoparticles having a diameter in
the range of 10 nm to 1 micron, the nanoparticles being
comprised of a material selected from a group consisting of
gold, silver, carbon nanotube and ferroelectric materials.

13. The liquid crystal display device of claim 1, wherein
the encapsulation film has a thickness of 1 nm to 10 pum.

14. The liquid crystal display device of claim 1, wherein
the liquid crystals are arranged as a single layer, the liquid
crystal layer further comprising a plurality of nanoparticles
being in contact with the liquid crystal layer and being
adhered between the encapsulated liquid crystals.

15. The liquid crystal display device of claim 14, wherein
each of the nanoparticles has a diameter in the range of 10 nm
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to 1 micron, the nanoparticles being comprised of a material
selected from a group consisting of gold, silver, carbon nano-
tube and ferroelectric materials.
16. A liquid crystal display device, comprising:
a first substrate;
a first electrode arranged on the first substrate;
a second substrate configured to face the first substrate;
a second electrode arranged on the second substrate; and
a liquid crystal layer arranged between the first electrode
and the second electrode and configured to include a
plurality of encapsulated liquid crystals, including a plu-
rality of liquid crystals and encapsulation films each
surrounding the liquid crystals, wherein:
the liquid crystals are inserted into a first flow duct using
a first injector;
encapsulation film materials are injected into a second
flow duct using a second injector;
liquid crystal droplets being produced upon the liquid
crystals and the encapsulation film materials being
mixed at a liquid crystal droplet generator where an
outflow portion of the first flow duct, an outflow por-
tion of the second flow duct, and an inflow portion of
a third flow duct meet;
the liquid crystals of each droplet surrounded by the
encapsulation film materials through a self-assembly
effect; and
the encapsulated liquid crystals, each being surrounded
by a cured encapsulation film that surrounds each of
the liquid crystal droplets, wherein a diameter of each
of'the first, second and third flow ducts is in microme-
ter units, the encapsulation films are comprised of a
different material than that of the liquid crystals.
17. The liquid crystal display device of claim 16, wherein
a flow rate of the liquid crystals in the first flow duct is 37
pl/minute and the flow rate of the encapsulation film materials
in the second flow duct is 5000 pl/min, the encapsulation film
materials comprise a material selected from a group consist-
ing of a silica-based or fluorine-based UV-curable surface
active agent, different kinds of curable surface active agents,
deionized gelatine, polyvinyl alcohol, and latex.
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